Introduction: Polysulfone (PSf ) membrane has been widely used for hemodialysis. A few studies have been reported in which a method of sterilization may affect biocompatibility. In this study, the comparison was made between two PSf membranes in order to evaluate the effect of sterilization from the biocompatibility point of view. Methods: We investigated the biocompatibility of the following two dialyzers, that is, APS-11SA (Asahi Kasei medical Co., Tokyo, Japan), sterilized by gamma-ray irradiation, and RENAK PS-1.0 (Kawasumi laboratories, Tokyo, Japan), sterilized by autoclave. Heparin of 40 units/mL was put in a syringe, and test blood was collected from healthy volunteers. Then, the dialyzer and blood circuit were filled with the test blood. Subsequently, the blood was circulated by a roller pump at the rate of 200 mL/min. We measured the platelet counts, CD41 and CD42b platelet surface markers, betathromboglobulin (beta-TG) and platelet factor 4 (PF4) at 30, 120, and 240 minutes, respectively. Findings: The platelet counts at 30, 120, and 240 minutes decreased significantly from the initiation of blood circulation in both dialyzers. The average beta-TG and PF4 increased from 61.3 AE 22.1 and 17.0 AE 6.4 ng/mL to 680.7 AE 217.1 and 550.7 AE 116.7 ng/mL with APS-11SA and to 454.3 AE 85.6 and 402.0 AE 58.0 ng/mL with RENAK PS-1.0, respectively. The average expression of CD41 and CD42b in APS-11SA and RENAK PS-1.0 was similar. Discussion: There are some reports that the gamma-ray irradiation changes the membrane structure of the PSf membrane, crosslinking the polyvinylpyrrolidone (PVP), a hydrophilic agent, on to the membrane. On the other hand, excess amount of PVP may have been eluted during the rinsing procedure in RENAK PS-1.0 because it was sterilized with autoclave. Because both these factors influenced on our results, APS-11SA and RENAK PS-1.0 dialyzers showed excellent blood compatibility.
INTRODUCTION
There have been many technical developments in the delivery of hemodialysis treatments. 1, 2 Many pieces of dialysis membrane are commercially available in recent hemodialysis, among which synthetic polymeric ones are more popular than classic cellulosic ones due to their high solute and hydraulic permeabilities as well as high biocompatibilities. 3 Additionally, in the manufacturing process, dialyzers are sterilized by a variety of methods, including ethylene oxide, g-ray, autoclave, and electron beam. 4 A few studies have been reported in which a method of sterilization may affect biocompatibility, even in cases where basically the same membrane material is used. 5, 6 In this study, the comparison was made between two polysulfone (PSf ) membranes in order to evaluate the effect of sterilization from the biocompatibility point of view.
MATERIALS AND METHODS

Test dialyzers
We investigated the biocompatibility of the following two dialyzers, that is, APS-11SA (Asahi Kasei medical Co., Tokyo, Japan), sterilized by gamma-ray irradiation, and RENAK PS-1.0 (Kawasumi laboratories, Tokyo, Japan), sterilized by autoclave. The technical data for these dialyzers are listed in Table 1 .
Experimental protocol
First, the dialyzers were rinsed and primed with 1000 mL of saline solution at a flow rate of 200 mL/min. Next, heparin (Nipro, Osaka, Japan) of 40 units/mL was put in a syringe, and test blood was collected from healthy volunteers. Then, the dialyzer and blood circuit (Nikkiso Co., Ltd, Tokyo, Japan) were filled with the test blood. Subsequently, the test blood was circulated by a roller pump at the rate of 200 mL/min. We measured the platelet counts, CD41 and CD42b platelet surface markers, beta-thromboglobulin (beta-TG) and platelet factor 4 (PF4) at 30, 120, and 240 minutes. After experiment, we infused dialyzers with saline to remove residual blood. Additionally, the dialyzers were then filled with 2% glutaraldehyde for immobilization of blood components adhering to the membrane surface. The dialyzers were disassembled, and hollow fibers were collected. The inner surface of the fiber was exposed using a razor and observed by a field-emission Scanning Electron Microscope (FE-SEM, SU-820 system, Hitachi, Tokyo, Japan) after each experiment. This study was conducted in accordance with the guidelines of the Declaration of Helsinki and approved by the ethics committee of Social Insurance Kodokan Bldg. Clinic. We obtained written informed consent from all participants.
STATISTICAL ANALYSIS
All data are shown as mean AE standard error. The platelet counts, CD41, CD42b, beta-TG, and PF4 were analyzed by paired t-test. The comparison was considered significant when P < 0.05. All data were analyzed using Statcel2 (the add-in forms on Excel).
RESULTS
The variability in the platelet count is shown in Figure 1 . In both dialyzers, the platelet count decreased after starting circulation. The platelet counts 30 minutes after starting circulation tended to be lower with the APS-11SA than with the RENAK PS-1.0. The average expression of CD41 and CD42 are platelet membrane glycoproteins involved in adhesion and aggregation of platelets. The average expression of them decreased to 96.2 AE 1.0% and 93.9 AE 1.7% with APS-11SA and 95.2 AE 1.8% and 93.7 AE 2.2% with RENAK PS-1.0, respectively (Figures 2 and 3). It is well known that both beta-TG and PF4 are platelet activation markers. The mean variability in the beta-TG and PF4 levels are shown in Figures 4 and 5, respectively. Although these markers did not significantly differ between the two groups, the distributions of beta-TG and PF4 were smaller with the RENAK PS-1.0 than with the APS-11SA. After the experiment, the inner surfaces of the hollow fiber membranes were examined by FE-SEM ( Figures 6 and 7 ). We observed a few platelets adhering to the inner surface of the membrane with the APS-11SA, but the adhesion of platelets was not observed in RENAK PS-1.0. 
DISCUSSION
In recent years, dialyzers of PSf membrane have been used the most from the viewpoint of high solute removing ability. 3 In addition, currently, the sterilization method of PSf dialysis membrane using autoclave and gamma-ray is the mainstream. Depending on the sterilization method, it was reported that an anaphylactic reaction and thrombocytopenia may occur. 5 However, the biocompatibility of PSf membrane dialyzer sterilized with autoclave or gamma-ray has not been thoroughly investigated. Therefore, in this study, we compared biocompatibility of PSf membrane dialyzer sterilized with autoclave and gamma-ray.
It is considered that platelets adhere to the hollow fiber during hemodialysis, 7 depending on the membrane Figure 1 The variability in the platelet count. At 30 minutes after initiation of circulation, the platelet counts tended to be lower in APS-11SA than that in RENAK PS-1.0 (P = 0.05). [Color figure can be viewed at wileyonlinelibrary.com] Figure 2 The average expression of CD41platelet surface marker. There was no significant difference between APS-11SA and RENAK PS-1.0 (P = 0.46). [Color figure can be viewed at wileyonlinelibrary.com] Figure 3 The average expression of CD42b platelet surface marker. There was no significant difference between APS-11SA and RENAK PS-1.0 (P = 0.98). [Color figure can be viewed at wileyonlinelibrary.com] Figure 4 The variability in platelet activation marker (beta-TG). Although there was no significant difference, the beta-TG tended to be higher in APS-11SA than that in RENAK PS-1.0 (P = 0.21). beta-TG = beta-thromboglobulin. [Color figure can be viewed at wileyonlinelibrary.com] Figure 5 The variability in platelet activation marker (PF4). Although there was no significant difference, the PF4 tended to be higher in APS-11SA than that in RENAK PS-1.0 (P = 0.65). PF4 = platelet factor 4. [Color figure can be viewed at wileyonlinelibrary.com] material. The reason is that fibrinogen binds to the artificial surface while blood passes through the blood circuit. Next, the bound fibrinogen on hollow fiber adheres to CD42b (glycoprotein [GP] Ibα) on platelets, 8 and CD41 (GP IIb/IIIa) plays an important role for stronger adhesion. 9, 10 Finally, platelets adhere to hollow fibers. Mascelli et al. reported that the risk of the significant agglomeration disorder after the extracorporeal circulation increases when a decrease in more than 50% of CD41 was found. 11 In our study, the average expression of CD41 and CD42b in APS-11SA and RENAK PS-1.0 was maintained more than 90% at 240 minutes after starting circulation. Moreover, although platelets slightly had adhered to the inner membrane surface with the APS-11SA, they were not observed in both dialyzers. From these results, it was considered that platelets were less likely to adhere to both dialyzers.
The beta-TG and PF4 are a platelet-specific protein contained in granules within platelets. When coagulation is accelerated in blood and thrombin is generated, platelets are activated and beta-TG and PF4 are released from platelets. 12 In other words, when the levels of beta-TG and PF4 are high, the platelet activity is strong. In this study, no significant differences were found in the levels of beta-TG and PF4 in APS-11 SA and RENAK PS-1.0. However, the levels of them in RENAK PS-1.0 tended to be smaller than those in APS-11SA. These results suggested that the activation of the platelets may have been stronger in APS-11SA than in RENAK PS-1.0.
As the PSf is hydrophobic in nature, proteins and blood cells such as platelets tend to adhere to the membrane. Therefore, the possibility of thrombus formation as a result of platelets adhering to the PSf membrane is higher than that of the membrane made of hydrophilic material. In order to minimize this risk, polyvinylpyrrolidone (PVP) is added to the PSf membrane to make the material hydrophilic. 13 In APS-11 SA, PVP is insolubilized by crosslinking during sterilization by gamma rays.
14 Therefore, little amount of PVP was eluted into the rinsing solution, although the membrane may be deteriorated by irradiation with gamma rays. On the other hand, excess amount of PVP may have been eluted Figure 6 The hollow fiber membrane surfaces of APS-11SA dialyzers after experiment. The inner surfaces of hollow fiber membranes were observed with a field-emission Scanning Electron Microscope (FE-SEM). A little adhesion of platelets was observed in APS-11SA. Figure 7 The hollow fiber membrane surfaces of RENAK PS-1.0 dialyzers after experiment. The inner surfaces of hollow fiber membranes were observed with a field-emission Scanning Electron Microscope (FE-SEM). The adhesion of platelets was not observed in RENAK PS-1.0.
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Generally, it is reported that PSf dialysis membranes exhibit excellent biocompatibility. However, there is a report that PSf membranes reduce platelet levels. Yamashita et al. compared platelet counts, beta-TG, and PF4 in dialysis patients using APS and RENAK. 6 The results showed that there was no significant difference in the beta-TG and PF4 levels between APS and RENAK; however, the platelet count 15 minutes after the start of dialysis was significantly lower with RENAK than with APS. This result contradicts the result of our study. The first reason for the disparity is presumed that one patient's blood was not run though both APS-11SA and RENAK PS-1.0. In addition, the blood cells of dialysis patients are more vulnerable than those of healthy subjects, which affect platelet adhesion and activity. 15 The second reason is the amount of ultrafiltration or water elimination rates among patients. If more water is eliminated, the blood within the hollow fiber will become more concentrated, and there is the possibility that the platelets will more easily adhere to the hollow fiber. In our study, samples of blood from a healthy subject were circulated through APS-11SA and RENAK PS-1.0 with no ultrafiltration and compared. As a result, APS-11SA and RENAK PS-1.0 dialyzers showed excellent blood compatibility.
CONCLUSION
APS-11SA and RENAK PS-1.0 dialyzers showed an excellent blood compatibility and differences were found in terms of CD41, CD42b, beta-TG, and PF4. The membrane surfaces were not significantly different by the FE-SEM observation. Sterilization method and material of hollow fiber membrane must be considered to provide safe hemodialysis treatment. We will conduct comparative studies on biocompatibility with regards to water elimination in similar experimental models.
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